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Summary

Most predatory mites belong to the family Phy-
toseiidae (Acari). Throughout the world, phytoseiids
are involved in the biological control of phytophagous
mites in vineyards. Conservative strategies, including
cover-vegetation management, are essential to achieve
environmentally friendly viticulture. The abundance
and diversity of phytoseiid mites in the grapevine can-
opy and the vegetal ground cover of a Mediterranean
vineyard were surveyed by weekly samplings, from early
May until the end of September for two years (2016
and 2017). Three types of soil management without
herbicide application were analysed and referred to as
"Tillage'", "Spontaneous Cover'", and "Flower-driven
Cover" treatments. Six phytoseiid species were collected
on the grapevine canopy, with Typhlodromus pyri being
the dominant species (99.5 %). Five phytoseiid species
were recorded in the ground cover, with Typhlodromus
and Neoseiulus as the major genera. The Flower-driv-
en Cover treatment showed the highest abundance of
phytoseiids in the grapevine canopy. However, both
species richness and abundance of phytoseiid mites on
the ground-cover vegetation were highest in the Spon-
taneous Cover treatment. These observations suggest
that improving vegetation cover would promote both the
abundance and diversity of phytoseiid mites in vineyards
because the greater supply of pollen would enhance their
survival. Therefore, the use of cover crops in vineyards
represents a means of improving vineyard ecosystems
by conservative biological control.

Key words: agroecology; conservative biological
control; cover crop; tillage; population dynamics; Typhlo-
dromus.

Introduction

By focusing primarily on wine production, traditional
methods of viticulture may endanger Mediterranean envi-
ronments in countries where viticulture plays an important
role. Spain is the country with the greatest area of vineyards
in the world (OIV 2018) and, here, vineyards are usually

managed through intensive practices, such as tillage and
use of broad-spectrum pesticides. These methods can lead
to soil erosion, pollution of natural resources, loss of bio-
diversity, reduction of natural enemies and development of
resistance (NOVARA ef al. 2013, ALLAN et al. 2015). Thus, the
European Union (EU) has established agricultural policies
to counter these problems; for example, the 2014-2020 CAP
reform proposes reduced use of herbicides and employment
of cover crops, and Directive 2009/128/EC on sustainable
use of pesticides promotes the use of integrated pest man-
agement (IPM) programmes that lead to environmentally
friendly viticulture.

Biological control (BC) is used to control arthropod
pests, reduce toxic residues and preserve beneficial fauna
in agroecosystems (ALTIERI 1999). The conservation of
natural enemies of crop pests, which are present on crops
and adjacent natural vegetation, is a major goal of IPM, and
represents one of three major BC strategies (Jacas and Ur-
BANEJA 2010). Food-generalist arthropod predators constitute
an important group of natural enemies because they are able
to survive in the absence of their main prey (LANDIS ef al.
2000, MCMURTRY et al. 2013). The Phytoseiidae (Acari) are
the main group of predatory mites that live on the plants and
include many species employed worldwide in the control of
phytophagous mites (McMuRTRY 1982). Most phytoseiids
feed on mite pests, including eriophyids, tarsonemids and
tetranychids, and also small insects such as aleyrodids, psoc-
ids, scale crawlers and thrips. They may also consume fungal
spores and substances of animal (e.g. honeydew produced
by homopterans) and of vegetal (e.g. pollen and nectar)
origin (McMurTry and Crort 1997). Their ability to feed
on a variety of food resources, abundance, short generation
time, wide distribution and ability to survive and reproduce
on very low densities of prey make them good candidates
for key biocontrol agents (PRISCHMANN ef al. 2000).

Worldwide, there are more than 2,400 species of phy-
toseiids, among which the most interesting and common
species reported in European vineyards are Typhlodromus
pyri Scheuten and Kampimodromus aberrans (Oudemans)
(Duso et al. 2012, DEmITE et al. 2018, Tixier 2018). T. pyri
is an important agent for biological control of potential
phytophagous pests in European vineyards, including
tetranychid mites (Panonychus ulmi (Koch), Tetranychus
urticae Koch and Eotetranychus carpini (Oudemans)) and
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eriophyids (Calepitrimerus vitis (Nalepa) and Colomerus
vitis (Pagenstecher)) that significantly deteriorate grape
quality and yield. In addition, 7. pyri can feed on grape
powdery mildew (Pozzeson and Duso 2008) and is relatively
tolerant to some pesticides (MarsHALL and LEsTEr 2001,
Duso et al. 2012).

Another potentially useful conservative strategy is the
management of vegetation cover to promote biological
control for sustainable viticulture (THomson and HOFFMANN
2009, LETORNEAU et al. 2011, RATNADASS et al. 2012, DAANE
etal. 2018, Garcia et al. 2018). Cover crops constitute a res-
ervoir for phytoseiid mites by providing shelter and alterna-
tive food sources, especially pollen and nectar, in vineyards
(Lanpis et al. 2000, BARBAR et al. 2006, AGUILAR-FENOLLOSA
et al. 2011, Buraio et al. 2016). Furthermore, the presence
of ground-cover vegetation can enhance phytoseiid per-
formance by modifying the microclimate within crops, for
example, by lowering temperature and elevating humidity,
which are essential for egg survival (Tixier 2018). In addi-
tion, cover crops offer several other advantages including
erosion reduction, improved soil properties and provision of
key ecosystem services (GaGo et al. 2007, Kazakou et al.
2016, GArciA et al. 2018). With respect to the latter, Soli-
veres et al. (2016) showed that a high multitrophic richness
(including plant species richness) had stronger positive effect
than richness in any individual trophic group on ecosystem
services. Moreover, SOMMAGGIO et al. (2018) reported that
cover crops seem not to positively affect the vineyard pests.
The composition of plant cover is a key factor that varies
according to the goal pursued (DomiNGUEZ GENTO et al.
2002). For example, the biology and development of pred-
atory mites are greatly affected by plant features, especially
domatia densities, leaf hairiness, extrafloral nectaries, and
pollen production (KARBAN ef al. 1995, KREITER ef al. 2002,
BrescH et al. 2019, Gontio 2019).

This paper aims to investigate the impact of different
ground-cover management strategies (bare soil, spontaneous
wild cover, and sown cover of a flowering mixture) on the
abundance and diversity of phytoseiid mites on vine leaves
and on inter-row vegetation in a Mediterranean vineyard.
Our hypothesis was that by reducing crop intensification and
providing suitable habitat and food requirements, we will
achieve an increase in abundance and diversity of predatory
mites. We also assessed the vegetation cover community to
select the most profitable species to use as the cover crop,
and the population dynamics of phytoseiid mites during the
growing season when the biological control of mite pests
is crucial.

Material and Methods

Study site: The study was conducted in a rain-fed
vineyard within the Rioja appellation, Northern Spain. The
vineyard, located in Logrofio (42°26'N, 2°30'W), was plant-
ed in 1995 with the '"Tempranillo' variety of Vitis vinifera
(clone RJ-26 grafted onto 110-R rootstock). Vine rows were
east-west oriented with the plantation distance being 1.15 m
between vines and 2.90 m between rows. The soil texture
was mainly loam and sandy loam with low organic matter
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Fig. 1: Climatic parameters (maximum temperature and relative
humidity) and sampling dates.

(<1 %). Fig. 1 presents maximum temperature (°C) and
relative humidity (%) data recorded by SIAR (Agroclimatic
Information Service in La Rioja) in the two sampling years
(2016-2017) at Logroio (La Rioja).

Experimental design: Threesoil management
techniques were analysed for two years (2016 and 2017): (i)
'Tillage', (ii) 'Spontaneous Cover', and (iii) 'Flower-driven
Cover', using a completely randomized design with three
plots per treatment. Each plot comprised 360 vines and
1,200 m?. In the tillage treatment, a common management
technique of under-vine bare soil was practised; in the
Spontaneous Cover treatment, naturally occurring vegeta-
tion was managed through mowing once per year in June.
The abundance, coverage and richness of weeds were
estimated, and species identified, in mid-May using three
quadrats of 1 m? that were randomly positioned in each plot.
The Flower-driven Cover treatment was sown in the first
week of March with 'Deco Vignes Anuelles' (Nova Flore,
Champigné, France) (20 kg-ha!) consisting of a mixture
of Calendula officinalis (Compositae), Centaurea cyanus
(Asteraceae), Cosmos bipinnatus (Asteraceae), Dahlia sp.
(Asteraceae), Eschscholzia californica (Papaveraceae) and
Lepidium sp. (Brassicaceae), which bloom throughout the
vegetative cycle of the vine.

Conservative Biological Control (CBC) strategies
were carried out, including no herbicide use under vine
plants and mating disruption for Lobesia botrana Den &
Schiff (Lepidoptera: Tortricidae) control. Acaricides and
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Table 1

Pesticide treatments applied to pest and disease control

Active ingredients Date Dose-ha!

Sulfur powder 28 May 2016 10 kg-ha'!

Myclobutanil 12.5% p/v + (Folpet 40% + Metalaxil 10%) 3 June 2016 300 cc-ha' + 1.5 L-ha'!
(Folpet 37.5% + Iprovalicarb 6%) + (Fluopyram 20% + Tebuconazol 20%) 24 June 2016 2 kg-ha! + 350 cc-ha’!
Sulfur powder 30 June 2016 25 kg-ha'!

(Dimetomorf 12% + Piraclostrobin 6.7%) + Spirodiclofen 24% 16 July 2016 1.25 kg-ha! +200 cc-ha'!
Quinoxifen 25% p/v + (Cimoxanilo 3% + Copper 22.5%) 2 August 2016 300 cc-ha’ + 3.5 L-ha'!
(Folpet 37.5% + Iprovalicarb 6%) + (Fluopyram 20% + Tebuconazol 20%) 26 May 2017 1.5 kg-ha + 300 cc-ha’!
Sulfur powder 8 June 2017 20 kg-ha'

Dimetomorf 12% + Piraclostrobin 6.7% 20 June 2017 1.25 kg-ha'!

Sulfur powder 30 June 2017 25 kg-ha'

(Cirpoxanilo 3% + Copper 15% + Mancozeb 10% WP) + Ciflufenamid 3% 13 July 2017 3 kg-ha' +_O.6 L-ha'+1L-ha'!
+ Difenoconazol 6% p/v + Abamectin 1.8% p/v +0.6 L-ha!

Cimoxanilo 3% + Copper 15% + Mancozeb 10% WP + Quinoxifen 25% p/v.

2 August 2017 3 kg-ha' + 250 cc-ha!

fungicides were applied to control Eotetranychus carpini
(Oudemans) (Acari: Tetranychidae), downy mildew Plas-
mopara viticola [(Berk. & M.A. Curtis) Berl & De Toni],
and powdery mildew (Oidium) Erysiphe necator Schwein,
as shown in Tab. 1. These compounds are often used in the
Mediterranean vineyards.

Mite sampling: Sampling was carried out every
two weeks between the beginning of May and the end of
September (n = 10 sampling events each year) (Fig. 1). At
each sampling, 50 leaves without petioles were randomly
collected from the grapevine canopy, and 150 g of the
ground-cover vegetation from the cover-crop treatments,
from the middle of each plot. Leaves, one per vine, were
taken from the middle part of the shoot. These samples were
transported to the laboratory in a paper bag in a cool-box,
for mite extraction. Berlese-Tullgren funnels were used for
4 d to remove phytoseiids and these were preserved in 70 %
ethanol in 9:1 glycerine. Young and adult phytoseiid stages
were separated and counted using a stereoscopic microscope.
Adult phytoseiids were digested in lactic acid (70 %) and
mounted on slides in Hoyer's medium. Slides were placed
on a hotplate (40 °C) to facilitate drying. Phytoseiid mites
collected in 2017 were identified to species level under a
phase-contrast microscope.

Statistical analyses: Data were analysed
separately for each year. Biodiversity values of the floral
community, Shannon-Wiener (H") and 'True diversity' (D),
were calculated by using Past3 (HamMER et al. 2001). True
diversity was analysed as the 'effective numbers of species'
and 'Hill number' (D, ‘D and D) (HiL 1973, JosT 2006)
Rank-abundance curves and Venn diagrams at species level
were calculated to analyse the assemblages of the functional
phytoseiid community, within both the grapevine canopy and
the ground-cover vegetation. The population dynamics of
phytoseiid mites were also studied. Normal distribution and
homoscedasticity of data were confirmed using Kolmogor-
ov-Smirnov and Levene tests, respectively. One-way analy-

sis of variance (ANOVA) was used to compare abundances
of mites among treatments, followed by post-hoc Tukey tests
(P <0.05), to assess statistical differences. Abundances of
mites among cover-crop treatments were compared using
t-tests. SPSS for Windows (version 20, SPSS Inc., Chicago,
[llinois) was used for statistical analysis. All the figures were
prepared using GraphPad Prism for Windows (version 8.00,
GraphPad Inc., La Jolla California, USA).

Results

Plant community: A total of 26 weed species
belonging to 24 genera and 13 families were identified from
the Spontaneous Cover vegetation during 2016 and 2017.
The cover consisted primarily of annual dicotyledonous
plants, dominated by Scrophulariaceae, Urticaceae, Poace-
ae and Caryophyllaceae (Tab. 2). The percentage of weed
coverage was higher than 70 %. Biodiversity values of
cover-crop vegetation were always higher in Spontaneous
Cover than Flower-driven Cover (Tab. 3) showing nearly
three times higher species richness (°D) and two times
higher true diversity (‘D). The slightly lower diversity and
higher ¢ in the Flower-driven Cover may be explained by
the presence of common species.

Species richness of phytoseiid mites:
Rank-abundance curves at species level illustrate a huge
dominance of 7. pyri (99.42 %) in the grapevine canopy
(Fig. 2A). However, this trend was less marked in the
ground-cover vegetation, where 7. pyri (55.26 %) was
present along with Neoseiulus barkeri Hughes (15.79
%), T. recki Wainstein (14.47 %) and N. agrestis (Karg)
(11.84 %) (Fig. 2B). Spontaneous Cover showed the great-
est species richness both in the grapevine canopy and the
ground-cover vegetation (Fig. 3), and the highest interaction
between species richness and ground-cover management
in the grapevine canopy (Fig. 4). At canopy level, . pyri,
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Table 2

Relative abundance of spontaneous cover crop vegetation

Relative
Genus abundance (%) VP*
2016 2017
Monocotyledonous
Bromus 8.84 8.07 -
Hordeum 4.55 3.85 E**
Lolium 1.15 - -
Poa 0.82 - -
Dicotyledonous

Veronica 24.13 35.96 E**; T*
Urtica 2.9 14.99 | Skt
Stellaria 12.87 0.22 -
Capsella 5.95 0.56 -
Papaver 6.27 - -
Sonchus 6.05 0.65 E**; T*
Melilotus 4.21 - -
Centaurea 2.87 - -
Geranium 0.38 0.77 Kok, T**
Fumaria 0.92 - -
Senecio 0.82 - -
Medicago - 0.77 T*
Rumex 0.57 - E**
Helminthotheca 0.57 - -
Conyza 0.41 - E**; K%, T**
Cirsium - 0.29 E**
Daucus 0.19 - -
Diplotaxis - 0.13 -
Hypochaeris - 0.13 -
Lamium - 0.13 -

*VP =The value for Phytoseiidae mites is based on the occurrence
frequency of phytoseiid species (E = Euseius stipulatus; K =
Kampimodromus aberrans; T = Typhlodromus (Typhlodromus)
pyri) associated with a genus weed (* < 0.5 %; ** = 0.50-1 %;
HHE =122 O FHFE =23 %) (Tixier 2018).

T. recki and T. phialatus Athias-Henriot were observed in
all three treatments. Kampimodromus aberrans was found
in Tillage and Spontaneous Cover treatments. Additional-
ly, N. barkeri and Paraseiulus triporus (Chant & Yoshida
Shaul) were only recorded in the Spontaneous Cover treat-
ment. In the ground-cover vegetation, 7. pyri and N. barkeri
were found in both cover-crop treatments, whereas 7. recki
and Euseius stipulatus (Athias-Henriot) were only observed
in the Spontaneous Cover treatment, and N. agrestis in the
Flower-driven Cover treatment.

Abundance and population dynamics
of phytoseiid mites: Overall, 11,627 phytoseiids
were collected during the two years of study; 94 % and 6 %
were captured in the grapevine canopy and on the cover-crop

Table 3

Biodiversity values of cover crop vegetation

Spontaneous cover Flower-driven

2016 2017 cover
H’ 2.36 2.28 1.68
°D 20 15 6
'D 10.62 9.77 5.37
D 7.14 3.03 5.00
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Fig. 2: Rank-abundance curves of phytoseiid mites collected on A.
grapevine canopy and B. ground cover vegetation.

vegetation, respectively. The abundance of mites on the
grapevine canopy was significantly different between 2016
and 2017 (818.89 + 58.63 and 400.89 +42.20, respectively;
F=579,df=1,P<0.001). However, these differences be-
tween years were not significant on the cover-crop vegetation
(61.00+12.20 and 47.00+£27.24; F=0.47,df=1, P> 0.05).
Similar trends in the population dynamics of phytoseiid
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Fig. 3: Venn diagram "richness" of phytoseiid mites collected on
A. grapevine canopy and B. ground cover vegetation.

mites were observed between years both on the grapevine
canopy and cover-crop vegetation, with higher abundance
at the beginning of the vegetative cycle of the grapevine
(Figs. 5 and 6). The greatest abundance of phytoseiid mites
was observed at the end of May 2016, coinciding with
phenological stage 15-G (flowers closely pressed together).
This was nearly three times higher than the abundance of
phytoseiid mites collected at the same phenological stage
in 2017. Furthermore, the Flower-driven Cover treatment
showed the highest total abundance of phytoseiid mites in
the grapevine canopy, being almost 1.30 times higher than
in the Tillage and Spontaneous Cover treatments (Fig. 5).
This elevation in the Flower-driven Cover was statistically
significant at certain summer sampling dates in both years:
7 July 2016 (F=9.08; df =2, P <0.05), 1 September 2016
(F=10.04,df=2, P<0.05),29 September 2016 (F =35.55,
df =2, P<0.001) and 10 Aug 2017 (F = 15.95, df = 2,
P < 0.05). In contrast, the presence of spontaneous vege-
tation significantly affected total abundance of phytoseiids
within the ground-cover vegetation in 2016 (F=3.30, df=2,
P<0.05), being nearly twice that in the Flower-driven Cover
treatment (Fig. 6).
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Discussion

Our initial hypothesis that ground-cover vegetation
positively affects the abundance and richness of predatory
mites in vineyards was supported. Thus, plant community
composition, phenology and pollen production during flow-
ering seem to be determinant factors that preserve phytoseiid
mites in vineyards.

The importance of vegetation features and diversity in
plant communities for the occurrence of natural enemies
is well-known (AGuiLAR-FENOLLOSA et al. 2011, LANDIS et
al. 2000). Parameters such as richness, % coverage and
other features of vegetation cover could have an important
impact on abundance of phytoseiids (MINARRO and KREITER
2012). We found a positive correlation between vegetal
biodiversity and phytoseiid species richness, as reported by
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other authors (BARBAR ef al. 2005, LETOURNEAU ef al. 2011,
RaTNADASS et al. 2012). Therefore, it is essential to take this
into account when deciding the cover-crop composition.
For example, plant features might have a greater effect than
prey availability on phytoseiid abundance (Duso et al. 2004,
KaRBAN et al. 1995).

The predatory mite species assemblage found on the
grapevine canopy was consistent with data reported by
PtrEZ MoRENO (1997) in La Rioja vineyards. Some of the
phytoseiid species observed are widespread on vines in the
Mediterranean area and all have already been reported in
Spanish vineyards (MNaRRO and KREITER 2012, BUrGIo ef al.
2016). T. pyri was the dominant species, consistent with its
preference for pubescent leaves and its high tolerance to
pesticides, especially fungicides (AUGER ef al. 2005, Bon-
AFos et al. 2007). In addition, its body is smaller than that
of other phytoseiids, enabling it to easily move among the
leaf hairs and maintain a high density (Duso 1992). Conse-
quently, 7" pyri is considered a predator of major importance
in viticulture (Duso ef al. 2012).

The captured species belonged to three previously
categorized lifestyle types: type I, specialized predators of
tydeids (e.g. Paraseiulus sp.); type 111, generalist predators
(e.g. Kampimodromus sp., Neoseiulus sp. and Typhlodro-
mus sp.); and type IV, pollen-feeding generalist predators
(e.g. Euseius sp.) (McMURTRY et al. 2013). Type 111 species
captured included: 7. pyri, T. phialatus, T. recki and K.
aberrans living on pubescent leaves (subtype Illa); and N.
barkeri that periodically move up from soil habitats onto
low-growing plants (subtype Ille) (McCMURTRY et al. 2013).
The phytoseiids E. stipulatus and N. agrestis were found
only in the cover vegetation (E. stipulatus only was record-
ed in the Spontaneous Cover vegetation). This distribution
reflects the link between plant morphology and predator
traits; herbaceous plants such as weeds would be favourable

to E. stipulatus (Trxier 2018). Conversely, 7. phialatus, K.
aberrans and P, triporus were only observed on the vine can-
opy, consistent with their preference for woody or arboreal
plants (Tixier 2018). However, 7. pyri was found on both
the grapevine canopy and ground-cover vegetation, perhaps
reflecting its high predatory efficiency and mobility (TixIEr
et al. 2000, Duso et al. 2012).

Cover-crop pollen deposited on leaves can influence
phytoseiid mite abundance by supplementing the nutritional
requirements of these predators (LanDIs ef al. 2000, Burcio
et al. 2016). Some species even show better development
on pollen than on prey (McMuRTRY et al. 2013). In addition,
the 'Tempranillo' grape variety has pubescent leaves, which
provide excellent pollen traps (KREITER et al. 2002). We ob-
served that 7. pyri, increased its population when pollen was
abundant on vine leaves, which is in agreement with Duso
et al. (2004, 2012). Other studies have demonstrated that
vineyards managed with cover crops show a natural increase
in phytoseiid abundance (Buraio et al. 2016, TIXIER et al.
1998). This might be explained by migration of predatory
mites onto the grape leaves from the cover vegetation and by
a favourable microclimate, such as locally higher humidity
or lower temperature (LANDIS ef al. 2000, IRvIN ef al. 2016).

With respect to population dynamics, phytoseiid mites
were found on the crop throughout the growing period,
although their abundance differed between years, being
lower in 2017. This may have been caused by weather
conditions, particularly the higher maximum temperatures
and the lower relative humidity during May and July 2017.
That we did not observe significant differences between
treatments at grapevine canopy level until mid-summer may
reflect pollen availability on leaves, which would be higher
in spring and early summer than in late summer. Pollen oc-
curs naturally in vineyards during phenological stage 23-1
(flowering time) and could be provided by ground-cover
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vegetation, depending on its species composition. In this
respect, Spontaneous Cover vegetation was mainly charac-
terized by plants with relatively short and early flowering
periods (STorRkEY 2006). However, the Flower-driven Cover
produced pollen throughout the whole grapevine growing
season supporting predatory mites, particularly at the end
ofthe grape flowering period. Likewise, the reduction in the
number of phytoseiid mites recorded in late June in the Spon-
taneous Cover treatment might have been caused by grass
mowing, which could have reduced pollen abundance in the
canopy (MaiLLoux et al. 2010). Conversely, in accordance
with VoGeLweiTH and Thigry (2017), the higher numbers
of phytoseiids observed on the inter-row vegetation in the
Spontaneous Cover treatment than in the Flower-driven
Cover treatment might be explained by a switch from the
grapevine canopy to vegetation in the rows when food was
less available.

To conclude, vegetation cover, particularly in the
Flower-driven Cover treatment, increased the abundance of
predatory mites in comparison with Tillage and Spontaneous
Cover treatments. Flowering plants could provide consider-
able quantities of pollen and may represent a useful strategy
to enhance the survival of phytoseiid mites in vineyards,
thereby achieving better agroecosystem management and
promoting agroecosystem services such as CBC.

Acknowledgements

This study was grant supported by the Ministry of Economy
and Competitiveness (AGL2014-53336R). MGSR and AVB were
supported by a fellowship from the University of La Rioja (Spain)
(FPI-UR 2015 and 2018, respectively). We thank H. TavLor, PhD,
from Edanz Group (www.edanzediting.com/ac) for editing a draft
of this manuscript.

References

AGUILAR-FENOLLOSA, E.; IBANEZ-GUAL, M. V.; PascuaL-Ruiz, S.; HurTADO,
M.; Jacas, J. A; 2011: Effect of ground cover management on spider
mites and their phytoseiid natural enemies in clementine mandarin or-
chards (I): bottom-up regulation mechanisms. Biol. Cont. 59, 158-170.

ALLAN, E.; MANNING, P.; ALT, F.; BINKENSTEIN, J.; BLASER, S.; BLOTHGEN, N.;
Bonwm, S.; Grasse, F.; HoLzer, N.; Kraus, V. H.; KLEINEBECKER, T.;
Moreis, E. K.; OELMANN, Y.; PraTI, D.; RENNER, S. C.; RiLLiGg, M. C.;
SCHAEFER, M.; SCHLOTER, M.; SCHMITT, B.; SCHONING, I.; ScHRUMPF, M..;
SoLry, E.; Sorkau, E.; STECKEL, J.; STEFFEN-DEWENTER, 1.; STEMPFHU-
BER, B.; TscHAaPkA, M.; WEINER, C. N.; WEISSER, W. W.; WERNER, M.;
WEsTPHAL, C.; WiLcKE, W.; FiscHER, M.; 2015: Land use intensifica-
tion alters ecosystem multifunctionality via loss of biodiversity and
changes to functional composition. Ecol. Lett. 18, 834-843.

ALTIERL, M. A.;1999: The ecological role of biodiversity in agroecosystems.
Agric. Ecosyst. Environ. 74, 19-31.

AUGER, P.; BonaFos, R.; KREITER, S.; DELORME, R.; 2005: A genetic analysis
of mancozeb resistance in Typhlodromus pyri. Exp. Appl. Acarol.
37,83-91.

BARBAR, Z,; TIxXIER, M. S.; KREITER, S.; CHEVAL, B.; 2005: Diversity of
phytoseiid mites in uncultivated areas adjacent to vineyards: a case
study in the south of France. Acarologia 45, 145-154.

BARBAR, Z.; TIXIER, M. S.; CHEVAL, B.; KREITER, S.;2006: Effects of agro-
forestry on phytoseiid mite communities (Acari: Phytoseiidae) in
vineyards in the South of France. Exp. Appl. Acarol. 40, 175-188.

Bonaros, R.; SERrANO, E.; AUGER, P.; KREITER, S.; 2007: Resistance to
deltamethrin, lambda-cyhalo- thrin and chlorpyriphos-ethyl in some

populations of Typhlodromus pyri Scheuten and Amblyseius andersoni
(Chant) (Acari: Phytoseiidae) from vine- yards in the south-west of
France. Crop Protect. 26, 169-172.

Bresch, C.; CarLEsso, L.; Suay, R.; VAN OubpeNHOVE, L.; Touzeau, S.;
ATNAsSI, H.; OTTENWAELDER, L.; Paris. B.; PONCET, C.; MAILLERET, L.;
MESSELINK, G. J.; PAROLIN, P.; 2019: In search of artificial domatia for
predatory mites. Biocontr. Sci. Technol. 29, 131-148.

Buraio, G.; MARCHESINI, E.; REGGIANI, N.; MONTEPAONE, G.; SCHIATTI, P.;
Sommacaio, D.; 2016: Habitat management of organic vineyard in
Northern Italy: The role of cover plants management on arthropod
functional biodiversity. Bull. Entomol. Res. 106, 759-768.

DaaNE, K. M.; VINCENT, C.; Isaacs, R.; IoriarTi, C.; 2018: Entomological
Opportunities and Challenges for Sustainable Viticulture in a Global
Market. Annu. Rev. Entomol. 63, 193-214.

Demite, P. R.; DE Morags, G. J.; McMurtry, J. A.; DENMARK, H. A.;
CasTtiLHO, R. C.; 2018: Phytoseiidae Database. Available online at:
www.lea.esalq.usp.br/ phytoseiidae. Data accessed: 2 February 2019.

DoMmiNGUEZ GENTO, A.; AGUADO, J.; ROSELLO, J.; 2002: Diseflo y Manejo de la
Diversidad Vegetal en Agricultura Ecologica; Edita Phytoma-Espafia
y Sociedad Espaiiola de Agricultura Ecolégica (SEAE).

Duso, C.;1992: Role of Amblyseius aberrans (Oud.), Typhlodromus pyri
Scheuten and Amblyseius andersoni (Chant) (Acari, Phytoseiidae) in
vineyards. J. Appl. Entomol. 114, 455-462.

Duso, C.; MALAGNINI, V.; PAGANELLI, A.; ALDEGHERI, L.; BorTiN, M.; OTTO,
S.; 2004: Pollen availability and abundance of predatory phytoseiid
mites on natural and secondary hedgerows. Biocontrol 49, 397-415.

Duso, C.; PozzeBoN, A.; KREITER, S.; TixiEr, M. S.; CaNDOLFI, M.; 2012:
Management of phytophagous mites in European vineyards, 191-217.
Arthropod Management in Vineyards, Springer, Dordrecht.

GAGo, P.; CaBALEIRO, C.; GARCiA, J.; 2007: Preliminary study of the effect
of soil management systems on the adventitious flora of a vineyard
in northwestern Spain. Crop Protect. 26, 584-591.

GaRrcia, L.; CELETTE, F.; Gary, C.; RipocHE, A.; VALDES-GOMEZ, H.;
METAY, A.; 2018: Management of service crops for the provision of
ecosystem services in vineyards: A review. Agric. Ecosyst. Environ.
251, 158-170.

GonTtuo, L. M.; 2019: Engineering natural enemy shelters to enhance con-
servation biological control in field crops. Biol. Cont. 130, 155-163.

HAMMER, ©@.; HARPER, D. A. T.; Ryan, P. D.; 2001: PAST: Paleontological
statistics software package for education and data analysis. Palacontol.
Electron. 1, Art. 4.

HiLe, M. O.; 1973: Diversity and Evenness: A Unifying Notation and its
Consequences. Ecology 54, 427-432.

IrviN, N. A.; BisTLINE-EAST, A.; HoppLE, M. S.; 2016: The effect of an
irrigated buckwheat cover crop on grape vine productivity, and
beneficial insect and grape pest abundance in southern California.
Biol. Contr. 93, 72-83.

Jacas, J. A.; URBANEIA, A.; 2010: Biological control in citrus in Spain:
from classical to conservation biological control. In: Integrated man-
agement of arthropod pests and insect borne diseases vol. 5, 61-72.
Springer, Dordrecht.

JosT, L.; 2006: Entropy and diversity. Oikos 113, 363-375.

KarBaN, R.; ENGLISH-LOEB, G.; WALKER, M. A.; THALER, J.; 1995: Abun-
dance of phytoseiid mites on Vitis species: effects of leaf hairs,
domatia, prey abundance and plant phylogeny. Exp. Appl. Acarol.
19, 189-197.

Kazakou, E.; FrIED, G.; RICHARTE, J.; GIMENEZ, O.; VIOLLE, C.; METAY, A.;
2016: A plant trait-based response-and-effect framework to assess
vineyard inter-row soil management. Bot. Lett. 163, 373-388.

KREITER, S.; TIXIER, M. S.; CROFT, B. A.; AUGER, P.; BARRET, D.; 2002: Plants
and leaf characteristics influencing the predaceous mite, Kampimodro-
mus aberrans (Oudemans) in habitats surrounding vineyards (Acari:
Phytoseiidae). Environ. Entomol. 31, 648-660.

Lanpis, D. A.; WRATTEN, S. D.; GUrr, G. M.; 2000: Habitat management
to conserve natural enemies of arthropod pests in agriculture. Annu.
Rev. Entomol. 45, 175-201.

LETOURNEAU, D. K.; ARMBRECHT, I.; SALGUERO RIVERA, B.; MONTOYA LERMA,
J.; JIMENEZ CARMONA, E.; Constanza Daza, M.; 2011: Does plant
diversity benefit agroecosystems? A synthetic review. Ecol. Applic.
21, 9-21.

MaiLLoux, J.; LE BELLEC, F.; KREITER, S.; TixIER, M. S.; Dusors, P.; 2010:
Influence of ground cover management on diversity and density



32 M. G. SAENz-Romo et al.

of phytoseiid mites (Acari: Phytoseiidae) in Guadeloupian citrus
orchards. Exp. Appl. Acarol. 52, 275-290.

MARSHALL, D.; LESTER, P.; 2001: The transfer of Typhlodromus pyri on
grape leaves for biological control of Panonychus ulmi (Acari:
Phytoseiidae, Tetranychidae) in vineyards in Ontario, Canada. Biol.
Contr. 20, 228-235.

MCcMUuRrTRY, J. A.; 1982: The use of phytoseiids for biological control:
progress and future prospects. In: M. A. Hoy (Ed.): Recent advances
in knowledge of the Phytoseiidae, 23-28. Univ. California, Div.
Agric. Sci. Berkeley.

MCcMURTRY, J. A.; CroFT, B. A.;1997: Life-styles of Phytoseiid mites and
their roles in biological control. Annu. Rev. Entomol. 42, 291-32.

McMURTRY, J. A.; DE MORAES, G. J.; Sourasso, N. F.; 2013: Revision of the
lifestyles of phytoseiid mites (Acari: Phytoseiidae) and implications
for biological control strategies. System. Appl. Acarol. 18, 297-320.

MINARRO, M.; KREITER, S.; 2012: Fitoseidos en los vinedos de la denom-
inacion Vino de Calidad de Cangas (Asturias). Bol. Sanidad Vege.
Plagas 38, 73-82.

Novara, A.; GrisTiNa, L.; Guarrorl, F.; SANTORO, A.; CERDA, A.; 2013:
Managing soil nitrate with cover crops and buffer strips in Sicilian
vineyards. Solid Earth 4, 255-262.

OIV; 2018: State of Vitiviniculture World Market. April 2018 [WWW
document]. URL http://www.oiv.int/public/medias/5958/
oiv-state-of-the-vitiviniculture-world-market-april-2018.pdf

PErREZ-MORENO, 1.; 1997: Bioecologia de los Acaros en la Vid. Madrid,
Espafia: Ministerio de Agricultura, Pesca y Alimentacion.

PozzeBoN, A.; Duso, C.; 2008: Grape downy mildew Plasmopara viticola,
an alternative food for generalist predatory mites occurring in vine-
yards. Biol. Contr. 45, 441-449.

Priscimann, D. A.; James, D. G.; WrigHTt, L. C.; SNyDper, W. E.;2006:
Effects of generalist phytoseiid mites and grapevine canopy structure
on spider mite (Acari: Tetranychidae) biocontrol. Environ. Entomol.
35, 56-67.

RaTNADASS, A.; FERNANDEZ, P.; AVELINO, J., HABIB, R.; 2012: Plant species
diversity for sustainable management of crop pests and diseases in
agroecosystems: a review. Agron. Sustain. Dev. 32, 273-303.

SOLIVERES, S.; VAN DER PLas, F.; MANNING, P.; PraTI, D.; GOSSNER, M. M.;
RENNER, S. C.; Arr, F.; ARNDT, H.; BAUMGARTNER, V.; BINKENSTEIN,
J.; BIrkHOFER, K.; BLASER, S.; BLUTHGEN, N.; BocH, S.; Bonm, S.;
BorscHig, C.; Buscot, F.; DIEKOTTER, T.; HEINZE, J.; HOLZEL, N.;
Juna, K.; Kraus, V. H.; KLEINEBECKER, T.; KLEMMER, S.; KrRAUSS, J.;
LanGe, M.E.; Morris, K.; MULLER, J.; OELMANN, Y.; OVERMANN, J.;
Pasavic, E.; RiLLig, M. C.; SCHAEFER, H. M.; SCHLOTER, M.; SCHMITT,
B.; SCHONING, I.; ScHRUMPF, M.; SIKORSKI, J.; SOCHER, S. A.; SOLLY,
E. F.; SONNEMANN, 1.; SorkAU, E.; STECKEL, J.; STEFFAN-DEWENTER, I.;
STEMPFHUBER, B.; TscHAPKA, M.;TURKE, M. F.; VENTER, P. C.; WEIN-
ER, C. N.; WEIsSEr, W. W.; WERNER, M.; WESTPHAL, C.; WILCKE, W.;
Worrers, V.; WuBer, T.; WursT, S.; FiscHEr, M.; ALLAN, E.; 2016:
Biodiversity at multiple trophic levels is needed for ecosystem mul-
tifunctionality. Nature 536, 456-459.

Sommacaio, D.; PEReTTI, E.; Buraio, G.; 2018: The effect of cover plants
management on soil invertebrate fauna in vineyard in northern Italy.
Biocontrol 63, 795-806.

STORKEY, J.; 2006: A functional group approach to the management of UK
arable weeds to support biological diversity. Weed Res. 46, 513-522.

Tixier, M. S.; 2018: Predatory mites (Acari: Phytoseiidae) in agro-ecosys-
tems and conservation biological control: a review and explorative
approach for forecasting plant-predatory mite interactions and mite
dispersal. Front. Ecol. Evol. 6, 1-21.

Tixier, M. S.; KREITER, S.; AUGER, P.; WEBER, M.; 1998: Colonization of
Languedoc vineyards by phytoseiid mites (Acari: Phytoseiidae): influ-
ence of wind and crop environment. Exp. Appl. Acarol. 22, 523-542.

TixIER, M. S.; KREITER, S.; AUGER, P.; 2000: Colonization of vineyards by
phytoseiid mites: their dispersal patterns in the plot and their fate.
Exp. Appl. Acarol. 24, 191-211.

THoMSON, L. J.; HoFrmMANN, A. A.; 2009: Vegetation increases the abundance
of natural enemies in vineyards. Biol. Contr. 49, 259-269.

VoOGELWEITH, F.; THIERY, D.; 2017: Cover crop differentially affects arthro-
pods, but not diseases, occurring on grape leaves in vineyards. Aust.
J. Grape Wine Res. 23, 426-431.

Received September 12, 2019



